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Absinw 

The cluck System provides bunch crossing related timing 
signals to various detector subsystems. Accelerator 
syachmnizstioo aed monitoring as well as timing signal 
genorafion and disnibauon SIT di9cesscd. The system is buib 
using three module typea implemented in Eumstaadard 
hardware with a VME communicarims interface. The fmt 
two types of module.9 are used to facilitate syachmaization 
wiulthoaaelaatorandIogmmato23tirningsignfdsrhntam 
programmable wti one RF bucket (18.8 ns) resolution sad 1 
11s accarscy. Ftity-four of the third module type am used VJ 
distribute the timing sigoals aad two synchronous 53 MHz aad 
106 MHz claks u) vmiws duam subsystans. 

SYSTEM 0vEwIEw 

The DO Clock System is sn nutgrowth of tk clock system 
at CDF [Il. Although the DO Clock has retsined some of the 
basic circuit concepts of tbe CDF Clak. its architecture is 
signiticsatly different aad allows much more flexibility ia its 
operation and ia the distribution of timing signals. A block 
diagram of the system is shorn ia Figum (1). llte system is 
houscd in six 9U by 280 mm Eumstendard crates plus thnc 
NIM bias located in seveo racks distributed throughout the DO 
coming houses and platform. llx system is built using duee 
module types called the Phase Coherent Clock (XC). 
Squencu (SEQ). end Selector Facaut Moduie (SFM) which 
respxiveIy pzfornl fhe functiuu of synchrmiution with the 
accelerator. timing sigaal generation. aad timing signal 
distribution. llte 53 MHz Tevauoa RF, which is, of course. 
coherent to the mating bunches in tbc acceietator, oscilIatw 
1113 times in the time it takea a bunch to tie one 
revolution mmd the fing (- 21 w). A proces& versioa of 
theTevatmnRFaadamc+a-revoiutimsya&mi&m@se 
from rhe accelemtof calIed TEV SYNC a input to the Phase 
Coherent Clock module. The module produces a 53 MHz 
clodrcallcdPCLKsnda106MHzclockcalledMCLKbothof 
which an coherau to TEV SYNC, aad hence with the bunches 
in ths machine. 

In addition to PCLK and MCLK. a once-a-revolution 
SYNC pulse. is output from the Phase Coherent Clock to the 
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Sequencer module which usca FUK and SYNC to establish 
1113 statas pa revolutiott curcspoadiag to RF buckets. The 
Squmca &iva 23 timing signalafnnn memay decq whose 
addrwsesoxmspondtotbe1113states. Withthememoxy 
being aaused aqaoatially @ fhe XLK rate. &rogmmmable 
tim& sign& are psndead that have oat RFbwket (18.8 N) 
resolution relative to any buach. This mechaaism has no 
limitation as to buach spacing or location so long as the 
pattern is rqmduad oae per nvohtion. A referaxe pulse 
cakd BC-REF is pmduced for esch amicipated bunch and 
compared tn an input puIse (BCJNP) derived tim a beam 
pickup. The wiacideacc of these two siguals is used to 
ostabIi.sh the absoluW mfereace for tbe Clock aed to monitor 
clock paformaae. Tlw 23 timing signals am refermd to ss 
Timing Littee a&%). Those timing signals produced by 
the Master Sqomcw @iAS SEQ) am output to a custom 
backphne slang with PCLK and MCLK for distribution u) 
SeleaaFancwModuk 
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Agum (1) - DO Clack System Block Diagram 

Most of the timing signals are distributed to detector 
subsystems with a two tiered approach. Selector Fanout 
Mnduks. hated in the cm0 with the Squenccr called rhe 
Clock crate. select timing signals and clocks from the 
backplane and output them to Selector Fsnout Modules in 
other ~afcs called fanout crates. One or mom Selsux Fsnout 
Modules in fanout crates can accept signals from rhe Clock 
cmte sad other sources such ss chc DO Tririggcr Framework [2]. 
These modules are then made to drive the input signals to 
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selected timing lines on the backplane of the fanout crate. 
Additional Selector Faoouts in the fanout crate can then each 

the reference over a very small range (IO ppm). These two 

select and ourput four of these timing line signals with a 
boards are well suited to the FCC’s application since within 

maximum fanout of three for output to various detector 
limits they allow independent control over the phase and 

subsystems. Beside the four selected timing signals. the 
frequency of the output signal. The PCC receives the 

Selector Fanout can output either MCLK or POLK to the 
Tevatron RF Uaosported to DO over the CATV link which 

detector subsystem and accept a Busy signal from the 
cant101 be relied upon for its long term phase stability. 

subsystem and mutt it back to the Trigger Framework. 
However, its frequency is that of the ti Tevatmn RF which 

The second Squencer shown in Figure (1) is identified as 
changes with energy level of the machine and servea as the 

the MUON SEQ and geoenues an additiooal set of 23 timing 
reference input to the. C-1010. The phase of the 106 MHz 

signals that are used exclusively by the Muon system. The 
output is adjusted once each revolution by the Tevauon Sync 

Muon Squeocer runs synchronously to the Master Sequeoca 
pulse (TEV SYNC) which times the aigger ioput to the C- 
loo0 Phase Lock Board 

because they both rcccive rhe same clock and synchmtition 
sigoals fmm the PCC. Although the Muon Squencex resides 

The OUQU I?CQkWCY of the C-1000 (106 MHz) bewmes 
MCLK that is used by the Central Tmcking deteuor systems. 

incheClockcratc.iutimingLineouQmm~badcp~an PCLKisrlKpimaryc~~uwryoftheCloclrsyslunand 
disabled and its outputs are taken from ita front panel. 
However. another Squencu generating additional timing 

is &rived by dividing a veraion of MCLK by two such that it 

signals could reside in another crate with Selector Faoout 
is qualm tk 53 MHZ Tevao~n RF. SYNC OUT is produced 

ModuleaandopemteinpamlklwiththeClockaarc. 
once a revoiutioo and is derived from a 1113 countdown of 
FUK. Although the edges of SYNC OUT are dexived from 

PHASE COHERENT CLOCK MODULE (PCC) 
PCLK.synchronismwith~VSYNCisinswlbyprrsuring 
the eoutttdown on each nwolution in a uanapareot manaer. 

The PCC is composed of two commercial PC boards 
TheprimaryoufputsigmisfmmthaFCCareMCLK,FCLK. 

maout%ctured by Berkeley Nucleonics Corporation (BNC!) 
atxlSYNCOUTaodeachhasafaowtofthreeforthepuQose 

piggy backed on a single FC board which contaios interface, 
of drivingmultipleSquencem. 

conuoL and ermr monk logic circttits. figure (2) is a block 
The TEV SYNC input to the FCC is derived from a 

diagram of the PCC. The BNC C-1000 Trigger Coherent 
Camac 279 module which receives the coded Tevatron Beam 
Sync Clock (TVBS) from the 

Os~ilhtor. shown as the Phase Lack Board in Figure (2). is to the Tevetron RF. 
-which Is synchmnous 

capable of producing a stable 106 MHz omput frequency. fo, 
The 279 module produces a 

coherent with a random uigger input. Howeva. by supplying 
programmable once-a-revolution pulse, coherent to the 

a variable reference frequaxy to the BNC C-1010 Freq Lock 
bunch- in the machine. that hat a naolutioo of seven RF 

Board, the eokeau output frequency of rhe C-IWO will track 
bucketa. A pmgrammabie delay in the PCC called SYNC 
DLY aUows for the adjustment of the phase of FCLK relative 
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Figure (2) - phase Coherent Clock Block Diagram 



to the bunches in the machine with a resolution of 1 ns and a 
range of 16 ns. Adjustment of SYNC DLY will change the 
rehive phase between all the timing signals produced by the 
Clock and the bunch crossings. A Sync Missing error is 
produced whenever TEV SYNC is missing or slow. and a 
Sync Timing error is produced whenever TEV SYNC and 
SYNC OUT are not coherent (* 3 ns). When TEV SYNC is 
enabled to trigger the C-1000 F%ase Lock Board, the OuQut, 
fo. drops om for 30 as. After the dmp out, fo rc4talD at the 
same frequency that existed prior to the trigger. but with a 
coherrnt phase rela!ionship to the aiggcr. A delayed version 
OffOisinsencdinu,thefopulscSmamtoT~inthcgap 
causedbythedmpouL Asarcsult,avusion of MCLK calkd 
UDMCLK (undelayed MCLK) is created and appears 
uninterrupted despite the trigger. When TEV SYNC is 
disabled. b runs wotinuos~y and rem&s cohereot with the 
most recent triggcz. The phas.z of MCLK relative to PCLK is 
adjust&k with a resolution of I ns and a mnge of 16 N using 
a pmgrammable &lay called MCLK DLY. 

The frequency hking range of the c-1010 in terms of the 
Tevauoo RF is 1.13 KHz and covers Tevattxm cnmgiu from 
150 GeV to 1 TeV. A rate detector monitors the TEV RF 
inputandproduccaaoRFMissingamrifmwcthanonca 
two pulses are missing, sod the C-1010 produces an RF 
Locking amr if it is unable to lock onto its nfaence input. 
With TEV RF disabkd sod the nf- input to the C-1010 
removed, the C-1000 oscillates at a fixed free running 
frqumcy f0 = 106.20842 MHz with an aging spcifmion of 
M.2 ppnhwek and t.wopemosre subiity of *I ppm from 0 to 
50’ C. The FUK fmz running lkqumcy is 53.10421 MHz 
and coresponds to a Tewtron energy of appmximatcly 210 
GCV. 

.syNc RFENBL 
heaRUa 0 

hcq-LocL : I 
SynC-Lock 1 0 

NOtltUl 1 1 
Table (1) - FCC Modes of @mation 

The FCC has four modes of opaation called Normal. 
Sync-Lock. Frq-Lock. and Free-Run aad am conuollcd by 
swing IWO cmml bits SYNC ENBL amI RF ENBL as shown 
in Table (1). In Free&m mode. both TEV SYNC sod TEV 
RFaredisabiedaodtheFCCfrccmIuindcpcn&ntofthe 
accekmtorwithaUitsunxmwdtmsdisabM. InSync&& 
mode.oolYTEvsYNcismIablalmldthefrqucocyofpcLK 
in betwan TEV SYNC pulse.9 is fii at the free rmming 
frequency. Since for energy levels othw thao 210 GeV the 
timebcovanTEVSYNCpuiscschangu,afmctiooofapulse 
moreorlessthan1113isploducedbehueen”prfcctlyrimed 
~VSYNCpdscs. Thisfmciionofapuiseiscooataotfora 
given energy level and haa a maximtm value of 500 ps which 
is made up within a single cycle on each revolution near the 
he of TEV SYNC. The end result is that the phase of 
PCLK changes rdath to Ihc Tevatmn RF throughout each 
~vohbn Ah 811 abrupt discontinuity near tie time of TEV 
SYNC as shown in Figure (3). ln Normal mode. both TEV 
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SYNC and TEV RF am enabled and rhe FOLK frqumcy 
between TEV SYNC pukes tries to track TEV RF. Hencr~ 
one would expect the deviation in phase over ooe revo~uticm IO 
be kss than in Sync-Lock mode. In pmctice, the rquired 
phase adjustment in Normai mode also has a maximum value 
of500psatlOOOGeVandnearlnsincheopposilcdirection 
at15OGcV. Tbcrewuosfcuthisarenotuodaxood,butcsn 
be attributed to the intunal respanse b&vim of the C-10oo. 

Figure (3) - FOLK Phase Discontinuity at TEV SYNC 
In Frq-Lock mo&. TEV SYNC is disabled sod TEV RF is 

wabkd. PCLKisphaselockedtothe~~V~~andms 
without the nefessny POW adjustment 011 each revolution 
hecause it &%ks the TEV RF at all Tevauoo energ&. In 
ordu to opmu in this mak. however. TEV SYNC would 
peri~yhavetobe~l~forashorttimeu,utablisha 
aiwismt phase tel&nship between PCLK and the bunches 
in the machine. llis would be accomplished by placing the 
FCC in Normal mode far a second or so approximately cvay 
mminutes. BecauseTEvSYNCdocsnottriggertheC-1OrJO 
PhuLLockBoardinthismode.therelatiwphawofFCLK 
does~ecxhibitanydiccon~uityatTEVSYNCasitQesin 
SyncLock and NormaI modes. Although TEV SYNC is 
diaabled &cm tdgguing the C-1000 in this mode, bctioas 
dcpcndent on TEV SYNC such as Sync Tiiing and Sync 
Missing am monitors nmain opaable. If a Sync Timing . 
~occurs,- mustbcrecstablishcdinNormal 
tnolk. 

Beside the constant phase discontinuity in PCLK. an 
additimlalmndomdi.5continuityiotbephweofPCLKoccms 
atthesametimeductojirterinthe’IZVSYNCrignal~m 
theheof-400~ Heoce,inNoxmalandSyoc-Lodr 
mocks, the jittu in PCLK nlstive to a W bunch crossing 
fmm revolution to revolution will be -400 p rms as show 
in Fii (3). In FIX+Lock mode. TEV SYNC is inhibited 
fKanUigg~gthcPhascLockBoardandhence,thercisno 
random diswntinuity on every revolution. The phase of 
PCLK relative to the Tevatmo RF would remain constant 
dmingthepriodthatthcPCCwasinFrq-Lockmode,aad 
change to a new 
m. 

cansum value during subsequent Frq-Lock 

Although Fq-Lock mode @dot&a jitter and eliminates 
the ELK phase discontiouity on each nvolutioa, the current 
precision rquiremenu of the experiment do not merit the 
additional operating complexity of using Frq-Lock mode. 
The effects of discontinuity in the phase of F’CLK exhibited io 
Normal and Sync-Lack modes are minimized by forcing the 
discontinuity to take place buwcm bunch crossings when data 



acquisition is quiet Tbc jittex due to EV SYNC in Normal 
and SyncLxk modea from revolution to revolution is now 
systcmatieandsmallenouBhs,a,Mtu,kaproblwn. The 
measured jitter in FCLK at any fued bucka in all modes of 
operation using a near pafect TEV SYNC and TEV RF as 
input is <lo0 pa rms. 

SEQUENCERMODULB(SEQ) 

BoththeMa~l~SqusncaandMuonSqumcu receive 
FCLK,MCLK.andSYNCfmmtheFCCandamopaatcdin 
Ihe same mannm. tpfh producing 23 distinct timing signals 
with a resolution of one RF bucket or FCLK cycle. The 
difference between than is that the Muon Sqttmcds timing 
si~artwQ~roiufrontpaaelonly,MdIheMasttr 
SqUCnCef OUQUU iU timing s&t& to dtC EMtOm 13 
bgckplaneaoditsftmtpancl Figmc(4)isablockdkgramof 
the Squcncm and shwn fotu memory blocks called Next 
Address Memory, Static Data Memory. Gtuttp-A Dynamic 
Data Memory. and Group-B Dynamic Data Memay. &h of 
themcmtxiea~aregistuedomputthatisupdwdoncach 
F’CLK cycle. With 12 bits of the Next Address Memory 
pointing to dw address of the next squenca state. the 
memotics am cycled at the PCLK rate and their output dam 
become the timing signals. The memories in dtc Sequencer 
are 4K deep and hence ca&le of a rcpcat cycle of 4,096 states. 
However. a software limit of 1113 states is imposed to 
cornspond to Tevatmn RF buckets. Aldwugh MCLK is input 
to SqtmCer. it is not used in arty matmar to generate timing 

signals. It is. howcva. mooitomxJ sod output to the front 
paelaadtklmckplaa8acafetherimingsignalsandPCLK. 

The~dmmgs~caUedtiminglines~splitinmovo 
gmups. The fti gmup of 12. TL&ll>. are mferred to as 
Static and arc derived from the Static Data Memory. The 
sccmd~pd11,7t<l2~arrrefwedU,asDynamicand 
aredaivedfromeidtcrdteGratpAaGmupBDynamicData 
M- In mkr IO download the Next Addmss Memory or 
the Static Data Memory, the Clock ON/OFF MUX must 
select the VME addtess which turns the Sequencer OFF, 
Sekcting the NEXT ADDRESS mms the Sq- ON. The 
St& Data Memmy contains data corresponding to the Static 
timing lines which are referred to as statically programmable 
bwattsetheSqttcnccrmustbctumedoffinotdcftochangc 
dwn. TncGmt~AandGmt~BDynamicDataMunorie.aarc 
fUnCIiOMuy identical. md OUtpUtS ftUm One Or the 0lhC1 arc 

selected for output to the Dynamic timing iioes. The MU. 
ahead of each memory reparately determines whether rhat 
memory is ON and is squencing by selecting the NEXT 
ADDRESS, or is OFF by sclcctiog VME. While one of dte 
mancbs is ON outputting data to the timing linea, the orha 
canbeturnedOFF~ddownlosdcdwithncwdatnforoneor 
mom timing lines. Then by turning ON and selcctiog the 
newly downIo&cd memay. timing signals can be changed on 
the fly without turning the Clock off. Hence, these timing 
lioe%arccalleddyna&allypmgnuomable. 

One of the wmml bits of the Next Address Mcnwy called 
BCJEF is progmmmcd (0 “1” at each location corresponding 
to the bucket number in which rhc bunch resides. The pulse 



that is produced is compared to rhe BCJNP pulse which is 
derived from a beam pickup located in the accelaatm near W. 
The coincidence of these two pulse3 is used to establish the 
absolute reference for the Clock. Their coatinucd coincidence 
is monitored internal u) the Sequencer UJ within f3 ns u) 
insure synchmniz.ation with tbc cwekmmr. A BC Phme C.IIW 
is nenfaated whm anti-coincidence occurs oo two sxccssive 
rcVolutions to mooiur phase Lift while being immune to 
TEV SYNC iittcr. 

Another conaul bit of the Next Addms Memcay called 
SYNC_REFk~mcdm”l”aasinglcbeatimmdir 
compared to the SYNC input puke once each revolution to 
verify synchmtlism. If the SYNC ittplu is fOurId mt tn occur 
within the same b& as SYNCJEP. the Sqncnccr is 
placedinaholdcondidonattbcSYNCREFbuek#uncilihe 
next SYNC Input owttn. la opaahm, the Sq- goca in 
and out of the hold amditia~ ia tbc same bucket once exh 
revolution in a manna bampuent to the uaa. This 
mechanism forces SYNC-REF u) automatically become 
aligned with dte SYNC inpur lf synchtaiiutioD is lost and 
the Sq- is forced into tk hOld coaditim bcy~ad one 
F’CLK cycle, a Sq- Hold amr is geaemt& However, 
recovery from a temporary loss of synchronization is 
automatic and occurs widtin one nvolution. The position of 
SYNCJEF can be programmed relative to otha signals. 
Hence,itcankusedu,ewblishthetimingoftheoutpuu 
relative to the SYNC inpu and the buach cmsaing u) within 
onebucku. TbeSqua~~canak~bemsdet~hse-Run.in 
which cas+ the Squeocu umtitmaliy rccycla independent of 
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the coincidence of SYNCJEP and the SYNC input 

Two parity bits COnrspondiog to the Static sod Dynamic 
timing lines are written to the memories. A Parity error is 
genemUd if immect parity is dcrStal at any bucket. Thme 
additional am monimrs detect whether any of the FCLK. 
MCLK, a SYNC signals are missing a slow. These mm, 
along with those prWhsly dkwmal, ate latched upon their 
occWicnceaodhcncemaynOtiad.icatethecomntstatusofthe 
Sq-. Howeva, the anx status of the Sq- and the 
PCCwillbstnonitaerlandclcaredbytheDOAknsand 
LimiosystanonarcguJarba&. 

Diagnoe fedtum implancntad On the Sq-iacludc: 
front panel OUQUU Of key sigaals. ottboard LED display of 
timing line states, a Step Mode where VME cycles arc 
substitutcdfOrpcllcaodtwOfmupaoalti.gg~pulses. The 
Bra, mlkd BCJRIG, is prqmmnted as part of the Next 
Addm.ss Memory indcpendcnt of the timing lines. It is 
inmdcdmbe.urrdasascopcprc-IriggatoamiuxBunch 
Cmssingsyachmaiationbutcaabeusedfa0therpurpxs. 
The second fmnt panel pulse. called the Programmable 
Trigger, is a -a-nvolutim puke that can be pmgrammcd 
through VME to occm a any bucket without disrupting the 
c$uaionofdtecloct 

SRLECIDR FANCUT MODULE (SFM) 

The Sekcmr Fanout Module (SIX) has the function of 
distributing Squeoccr timing signals 10 various detector 
systans. Figom (5) is a block diagmn of the SFM and shows 

m. 



its P2 I/O on the left. P3 backplane connections on the top, 
and P3 l/O on the right SFMs are wed for a variety of 
functions in the system which use different sections of the 
module. In the Clock crate, SFMs only receive signals from 
the P3 backplane and drive them at their P3 I/O. In Fanout 
crates, SFMs drive and receive signals at their P2 and P3 I/O, 
in addition to driving and receiving signals at the P3 
backplane. A group of SFMs along with the custom J3 
backplane can be thought of functioning as a crosspoint 
switch. Up to four signals can be input at the I’2 cumte0~ of 
each SFM and be made u) drive specifii bussed b&plane 
LimingLincsingroupsoff~viaihen.Router. Uptosia 
such modulea. each routing signals to specitic timing lines on 
the backplane. would put BI, many as 24 timing signals on the 
bus. The TL Selector of each module is then capable of 
selecting up to four signals from any of the timing lines on 
the backplane. These signals plus either of the two clock 
signals.MCLK~~PCLKarcduplicatedandoutpunrhcP3 
I/O. llms, signals input at F.2 on variouv hoards can be mixed 
and matched and output at the P3 I/O of other boards. 
Additionally. up to tbme Busy signals can be input at P3. 
summed and routed via the BY Router to one of five bussed 
BYcO:4> lines on the backplane. The BY Selector from the 
sameorotberSF?&cansekctaayoftbebussedBYlinesand 
output the aelected Busy s@al at P2. 

AfmtttpattelLowl/Remoteswitchdetennhesthesource 
of data for module. conm~l registrss. In Remote, all registers 
are readable and writeable t?om VME. whereas in Local the 
contents of these. same registers ate determined by onboard dip 
switches. The Local option pamim SFMs, having constant 
configurationa. to be operated in areas whem VME is not 
available. 

SFMs located in the Clock mate will normally use only 
the TL Selector and fanout portions of the circuir The 
Squenc.%residesinsIot7oftbeClockaateanddrivesliming 
lines, TLcO:22>. along the bussed 13 backplane to SFMs 
whichcancccupyanyslots8Umt20. TbeTLSelectorofa 
given module selects signals fmm the backplane for 
distribution through its P3 l/O to fanout cratea (x directly to 
detector systems. Acti ourp~o am takm 6wn rear mounted 
audiaty boards having suitable wmuxmrs for the application. 
Both PCLK and MCLK am driven by the Seqoacer onto the 
J3 backplane where they are actively fanned out and input 
directly to each module. AItbough SFMs in the Clock cram 
normally only use the ll Sektcr, mxhhtg mohibim tbe use 
ofodtersectionsoftbemodulesoloclgmtbeapp~are 
compatible. 

sFMsinfanoutcracwcanrcsideinMyslw7~2o. 
However, only the SFM in slot 7 is able to accept PCLK and 
MCLK and distribute the.m to other modules in the crate. 
Timing signals from the Clock mate as well m signals from 
other sources such as the Trigga Framework can be inpnt at 
P2 of any module in the fanout crate. They are input to the 
SFM from rear mounted auxiliary boards having varied 
COMwtOr COnfiguratiOnS depending on the type Of cable used. 

Signals input at P2 are treated as a group and can be inhibited, 
routed to the hackplane, or routed directly to the P3 output 
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con1101 logic. In the latter case. they do not consume any 
timing lines on the backplane, but other SF?& in the crate can 
not gain access to these signals. Four TL Sclecmn in each 
module select timing signals from the backplane to be output 

to P3 with a Diifaential ECL fanout of up to three aad a Nim 
fanout of one. MCLK and PCLK are input to each module 
either of which can be selected and fanned out along with the 
timing signals. Each SFM has the ability to retime the 
sdsted timing signah prior to being output by iatching dvem 
with a delayed version of FCLK having a resolution of 1 ns 
and a range of 16 ns. This allows for tba adjustment of the 
phase of the timing line signals relative to the CLK (MCLK 
aPQX)ouqnrt 

SOFIWARE 

A PC based software package for controlling all three 
moduletypsisavai~leforusein~~usingaPC 
to VME intmface dbrctly. or in the expaimental ball using a 
PC to token ring interface and the DO control system. The 
program is called the DO Clock Control and Test Program 
(cl-)131141aadmquireatbeuseofimaddilialalpmgmmcaued 
the DO clock Timing Language Tram&m [sj. Tbeuanslalor 
acceptsaltAscIsotttwtileusittgspec~syntaxtodescribe 
theduirrdbehavioroftheriminglineJandconvarsitroafde 
dtUtCanbCdOWldO3dCdtOthCSequcnCaWithtbeCT~. 
Intesnctive control over all three module types including 
individual SPM by device name is implemented. Two 
additional PC based programs provide for auto testing of the 
seqtDwcer and the SFM. 

VAX-besed wnnul sohware for die Phase coherent Clock 

allowing &as from m&iple clients without interference 161. 
Users can ba pr*ileged Q non-privileged and can reserve 
specifictiminglineathatlmahamacanalta. “ibcprogram 
automatically excctttes the newssary VME commands to the 
Seq- u) modify timing lima. Modification of the static 
timinglineaquiresdmttheClockbetmnedoffandhencccaa 
only be -ted by privileged users. 
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